ABSTRACT
INTRODUCTION
When one body slides or tends to slide over another body, the force that acts to oppose the tendency to move is called the force of friction. This frictional force is always parallel to the surfaces in contact. 1 In orthodontics, when a force is applied to a bracket to slide it along an archwire, the force felt by the tooth will be less than the force applied to the bracket because of frictional resistance. 2 Friction is almost unavoidable and encountered in everyday life on a routine basis. The classical law of friction states that frictional forces are independent of the area of contact between the two sliding bodies and their sliding velocity. 3 Friction is of two types, namely static and kinetic. 1 Static friction is the initial friction that resists movement while kinetic friction maintains motion once it has been initiated. Values for static friction are greater than that of kinetic friction. 4 Frictional force is routinely encountered in orthodontics during procedures like archwire engagement in brackets placed on teeth which are out of alignment, ligatures holding the arch wire against the slot base, application of active torque in rectangular wire, and
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bodily tooth movement. 5 Bracket size, slot depth, and width also influence the amount of friction registered during sliding mechanics. 6 Archwire bracket material, dimensions, and modulus of the wire are factors known to affect friction. 7 Studies have shown that as much as 12 to 60% of the applied force in fixed mechanotherapy is nullified to friction. 8 Space closure can be done either with single canine retraction and including it in anchorage unit or en masse retraction. Retracting the canines separately in the first step reduces load on the posterior teeth, hence, reducing the tendency of the maxillary molars to move forward. En masse retraction of entire anterior segment simultaneously taxes the anchorage unit by mesial movement of molars. 2 Both en masse/miniscrew combination and twostep retraction combined with a conventional anchorage are used in maximum anchorage cases. 9 The study was undertaken to find a round wire of lower friction for individual canine retraction in critical anchorage cases. The objective of taking rectangular wire was to compare the difference in friction among all the three wires.
AIMS AND OBJECTIVES
The aim of this study was to evaluate and compare static and kinetic friction of conventional preadjusted edgewise brackets with 0.018" SS of two different companies and 0.019 × 0.025" SS wire. This was done with an objective of finding a wire with lower frictional resistance during sliding mechanics.
MATERIALS AND METHODS
The brackets used in the study were 0.022 × 0.028" slot sized maxillary left canine and two bicuspid MBT prescription (Gemini series, 3M Unitek, Monrovia, California). The wires selected for the experimental set-up were: 0.018" SS (3M Unitek, Monrovia, California); 0.018" Australian wire (AJ Wilcock, U.K.) and 0.019 × 0.025" SS (SS, 3M Unitek, Monrovia, California) (Fig. 1 ). An acrylic jig was fabricated to conduct the simulated testing. Two premolars preadjusted edgewise brackets were bonded to rigid acrylic baseplate at a distance of 16 mm. The jig was positioned to have/receive wire in a vertical orientation. A canine bracket with a 10 mm power arm was loaded with a 100-gm weight to represent equivalent retraction force acting at the center of resistance of the tooth (Fig. 2) . The study was conducted in dry state and experiment was carried out on a universal testing machine (Instron 3382, Fig. 3 ). The acrylic baseplate with the bonded brackets was clamped on the moving crosshead of the testing machine, while movable canine bracket was connected to the load cell of the machine. This protocol was repeated ten times with each bracket wire combination tested, with a new wire specimen on each occasion to eliminate the influence of wear. The test procedure had the canine bracket with a 100-gm load cell (on the power arm) drawn along each Wire sample at a crosshead speed of 5 mm per minute. The static friction was recorded in Newton as maximum force needed to move the bracket along the wire. The kinetic friction was also recorded in Newton at 3, 5, 7, and 9 mm of movement.
The test consisted of a total of 30 test combinations with three wire products repeated 10 times. The data were tabulated and the mean values were obtained. For statistical analysis, one-way ANOVA and descriptive statistics were used for assessing and comparing static and kinetic frictional forces in bracket with variable modulus and dimension wires. To test the level of significance of static and kinetic frictional force, multiple comparisons were used within wire in bracket by using post hoc test. Reliability test or test-retest reliability was analyzed to ascertain the variation in measurements taken by a single person or instrument on the same item and under the same conditions. It also included intrarater reliability.
RESULTS
The static and kinetic frictions of conventional bracket obtained with 0.018" SS (3M), 0.018" AJ Wilcock and 0.019 × 0.025" SS (3M) at a crosshead speed of 5 mm/min of the Instron machine (recorded in Newtons) are tabulated in Table 1 . Mean static frictional resistance exhibited by 0.018" SS (3M) was 2.2671 N ± 0.06499; that of 0.018" AJ Wilcock was 3.3286 N ± 0.04845; and that of 0.019 × 0.025" SS (3M) was 3.9129 N ± 0.04030. Mean kinetic frictional resistance exhibited by 0.018" SS (3M) was 1.8254 N ± 0.10710; that of 0.018" AJ Wilcock was 2.9157 N ± 0.11027; and that of 0.019 × 0.025" SS (3M) was 2.9986 N ± 0.09667. Comparison of static and kinetic friction among wires in conventional bracket is shown in Tables 2 and 3 . The results showed that static friction was greater than kinetic friction with all wire dimensions. The 0.018" SS (3M) wire exhibited minimum static and kinetic friction, while 0.019 × 0.025" SS (3M) exhibited maximum static friction. Kinetic friction was similar in both 0.018" SS AJ Wilcock and 0.019 × 0.025" SS (3M), but greater than 0.018" SS (3M); 0.018" AJ Wilcock and 0.019 × 0.025" SS (3M) exhibited almost equal kinetic friction.
Intraclass correlation coefficients obtained are shown in Table 4 . The results were highly significant with reliability coefficient alpha between 0.98 and 0.99 with significance of p < 0.01 (Table 4) .
DISCUSSION
In orthodontics, friction between archwire and bracket is multifactorial in nature and can essentially be classified into physical or biological factors. 10 The widespread adoption of preadjusted bracket systems and sliding mechanics has lead to considerably increased frictional resistance to deal with in clinical orthodontics. Finite element analysis has proved that 60 to 80% of the applied orthodontic force is utilized to overcome frictional resistance during canine retraction along a rectangular archwire. 8 Hence, the frictional force between the bracket and archwire must be overcome before the intended tooth-moving force can be effective during sliding mechanics. 2 Hence, the study was conducted on conventional brackets with a statistically adequate sample size of 30 wires and each test experiment was repeated ten times. Elastomeric modules were used in the current study in order to eliminate variation in ligation force associated with SS ligatures. 11 The wire dimensions were chosen with an objective to include both round and rectangular wires. Round wires of small size are recommended during the aligning/leveling and canine retraction during orthodontic treatment, while rectangular wires are recommended for en masse retraction and final phase of treatment when a remarkable torque control is necessary. Force of 100-gm weight was suspended from the power arm of the canine bracket. This 100 gm was chosen to represent equivalent retraction force acting at the center of resistance of the tooth. Ireland et al 12 studied the effect of sliding velocity on frictional resistance at a crosshead speed of 0.5, 1, and 5 mm per minute, and found no significant difference between velocities. Hence, in the current study, static and kinetic frictions were recorded at a crosshead speed of 5 mm/ min on an Instron universal testing machine. Andreasen and Quevedo 13 found no difference in friction force levels between trials with saliva and those without saliva. Kusy et al 14 found higher friction in wet state testing due to increased surface tension. Read-Ward et al 15 found inconsistent effect of saliva with frictional resistance. It is often difficult to simulate the oral environment due to variations in diet, bite force, and masticatory forces. 16 Hence, the current study was carried out in dry state in vitro.
The results showed that static friction was higher than kinetic friction, which was in consonance with the study by Taylor and Ison, 17 Kim et al, 18 and Gandini et al. 19 However, no significant difference between static and kinetic friction was reported by Kusy et al, 14 which is in contrast with the present study. This difference could be attributed to the dissimilar experimental set-up. The wires' dimensions considered in the study were with the purpose of evaluating appropriate wire for individual canine retraction. The study by Rizk et al 9 stated
that both en masse and two-step retraction methods are effective during the space closure phase with regard to anchorage preservation and amount of retraction.
Comparison of friction between 0.018" SS (3M) and 0.018" AJ Wilcock wires showed significant difference between the two. AJ Wilcock wires showed higher frictional resistance (both static and kinetic) when compared with 3M wire of the same dimension (0.018"). This is in contrast with the study by Acharya and Jayade, 20 where they had a greater value of friction with wires from Ortho Organizers and T.P. Orthodontics than with AJ Wilcock Australian wires. The difference in the study could be attributed to the different brand used in the two studies to compare AJ Wilcock wires. The maximum frictional resistance was exhibited by 0.019 × 0.025" SS (3M) followed by 0.018" AJ Wilcock and 0.018" SS (3M). Round wires exhibited the lower frictional resistance than rectangular wires. The result of the current study was in consonance with Garner et al. 1 They concluded that frictional resistance increases with increased wire dimension and also from round to rectangular wires.
The kinetic friction showed no significant difference between 0.018" AJ Wilcock wires and 0.019 × 0.025" SS (3M) cross-section wires. This was unexpected because one is round and the other is rectangular in cross-section. It could be attributed to the properties and surface characteristics as rest of other conditions were the same, i.e., bracket, method of ligation, dry state test procedure, retraction force being parallel to bracket, and were equal with both the wires. The study by Gómez et al 21 is in contrast with the present study as 0.018" SS archwires exhibited lesser friction than 0.019 × 0.025" SS archwires. The difference can be attributed to the different brands of bracket and wire (Ormco) used in the study. The present study is also in contrast with study by Tecco et al 22 between 0.018" SS wire and 0.019 × 0.025" SS archwires; it is because of dissimilar experimental set-up and brand of wires used. After evaluating unexpected results between 0.018" AJ Wilcock and 0.019 × 0.025" SS (3M), we are considering a scanning electron microscopic study to check the surface characteristics of wires. We will also be evaluating if there is any correlation between frictional resistance and surface roughness.
CONCLUSION
Conventional brackets with 0.022 × 0.028" slot were tested with 0.018" SS (3M), 0.018" AJ Wilcock, and 0.019 × 0.025" SS at a crosshead speed of 5 mm/min. Using Universal testing machine in dry state, it was found that:
• Static friction was greater than kinetic friction with all wire dimensions. • 0.018" SS (3M) exhibited lesser friction when compared with 0.018" AJ Wilcock and 0.019 × 0.025" SS (3M).
• 0.018" AJ Wilcock and 0.019 × 0.025" SS showed no difference in kinetic friction.
CLINICAL SIGNIFICANCE
The study concluded that 0.018" SS (3M) is better for individual canine retraction than the other wires used in the study; 0.019 × 0.025" SS (3M) is a better wire for canine retraction than 0.018" AJ Wilcock, as we can have a three-dimensional control over tooth movement. When torque control is not a prime requisite, then 0.018" SS (3M) can be used for retraction of incisors instead of 0.018" AJ Wilcock in severely proclined incisor cases.
